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Exposure to certain allergens via epithelial tissues is 
the primary route for the induction of immunoglob-
ulin E-dependent allergies of the immediate type 
associated with atopic diseases. In order to address 
the question whether and how epithelial cells might 
contribute to the induction or increase ofT l-l2-depen-
dent IgE production, we performed co-culture exper-
iments of syngeneic epidermal cells and cells from 
the associated lymphoid tissue or spleen (responder 
cells) ofBALB/c mice primed with ovalbumin in vivo. 
In the presence of ovalbumin in "itro, immunoglobu-
lin E but not immunoglobulin G Za production was 
significantly enhanced by the addition of epidermal 
cells, and separation of epidermal cells from re-
sponder cells by a membrane that prevented cellular 
contacts or addition of antibodies against intercellu-
lar adhesion molecule-l reduced the enhancement of 
immunoglobulin E production induced by epidermal 
cells. Depletion of major histocompatability complex 
Epithelial tissues may provide f:avorable . condition.s for the inductio n, development, and maintenance of TH 2 cell s, whjch produce interleukin-4 (IL-4) and provide help for production of immunoglobulin E (lgE) (Ben-n er and Savelkoul, 1991; Del Prete et ai , 1991; Roma-
gnani, 1992; Vercelli, 1993) leading to allergies o f the immediate 
type associated with atopic diseases (Del Pre te, 1992; Muller el a/, 
1993). This assumption is supported by the fact that alle rgen-
specifi c IgE production and allergies of the immediate type can be 
indu ced experimentally via epithelial ti ssues without the help of 
adjuvants (McMenamin e/ ai , 1991 ; R enz el ai, 1992; McMenamjn 
and Holt, 1993; Saloga et ai, 1994) . Al so, atopic diseases manifest in 
epithelial tissues as T H2-dominated "all erg ic infl ammation" (van 
der H eijden el 11/, 1991 ; Sager el 11/, 1992). These ti ssues are also 
ex posed to alle rgens implica ted in the pathogenesis of these 
diseases. 
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class 11+ antigen presenting Langerhans cells from 
the epidermal cells prior to co-culture also reduced 
the enhancement of immunoglobulin E production 
induced by epidermal cells. The enhanced immuno-
globulin E production was dependent on the induc-
tion of TH2 cell-derived interleukin-4 detected in 
co-cultures because it was completely inhibited after 
addition of anti-interleukin-4 antibodies that also 
lead to increased immunoglobulin G 2a production. 
Whereas interleukin-4 was not produced by epider -
mal cells, interleukin-lO seemed to be one important 
mediator contributed by epidermal cells. Interleu-
kin-lO skewed the response toward a T H2-mediated 
IgE response because antibodies against interleu-
kin-lO inhibited interleukin-4 and immunoglobulin E 
production, whereas they enhanced interferon-l' and 
immunoglobulin G 2a production. Key words: epidemlisl 
cytoki1lesIIL-10Iol!allJllmin.j I,west Del'matoI107:582-588) 
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Recently, we were abl e to demonstra te tha t ovalbumin (OVA)-
specifi c IgE responses and other m anifesta tions of immediate 
hypersensiti vity can be induced through the skin in a mouse model 
(Saloga el 111, 1994). Therefore, and becau se exposure to this 
allergen can be contro lled easily in mice fed an OVA-free diet, we 
chose this allergen to explore the influence of epithelial cells Oil 
induc tio n or enhancement of aLl e rgen-speci fi c IgE responses . W e 
employed an ill vilro surrogate designed to mirror the ill vivo 
situ ation as well to allow manipulation. III vivo, cytokines and other 
f.1ctors produ ced by epidermal cell s (mainly keratinocytes) may 
prime migra ting epidermal cells o r may reach the local drainjn g 
lymph nodes via the affe ren t lymph stream , especially under 
inflammatory condi tions. Migrating epidermal ce ll s such as Lang-
erhans cells reach the local draining lymph nodes and can deliver 
additional signals, including conta ct signals (Kripke el ai , 1990). W e 
therefore co-cultured epidermal ce Lls and " responder cells," i.e ., 
lymph node (LN) o r spleen cell s, in o rder to analyze the potential 
influence of different ce ll populations as well as the importance of 
contact and soluble signals that may be involved in the induction 
and reactivation of Tl-I2- type cell s (IL- 4 production) and IgE 
responses. W e dem onstra te in this study that epidermal cells 
preferentially enhance alle rgen-dri ven lL-4 and IgE production i.n 
the context of a protein allergen Like OVA. 
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MATEIUALS AND METH ODS 
Experitnental Animals Female BALB/c l1Ii ce of 8-10 wk of age 
origina ll y obtained from the Zentralinstitut n il' Versuchstierforschung 
(Hal1llOver, Germany) we re used in all experiments. 
Priming Procedure Mice receiving an OV A-fi'ce di et were primed by 
intraperito neal injectio n of 100 ILg (unless indicated otherwise) of O VA 
Grade IV (S igma, Deisen hofen , Ge rman y) adsorbed to 100 ILg of aluminum 
hydroxide (Merck, Darmstadt, Ge rmany) diluted in 0.9'X, NaC I. Ten da ys 
later these mice were boosted with 100 ILg (unless otherwise indicated) of 
, OVA intraperi toneall y. Control gro ups received NaC I alo ne. Sera were 
collected at day 14 and sto red at - 20°C until determination of OVA-
specific IgE and IgG titers. 
Determination of OVA-Specific Antibody Titers in the Serum 
Anti- OVA IgE and IgG antibody concentrations we re m easured by enzyme-
linked immunosorbent assay (ELISA) as described previously (Sa log. cl ai , 
1994). R eadings were compared to O VA-specific standards generated in 
the laboratory as described previously (R enz CI ai, 1992) and arbitrarily 
assigned 1000 ELISA uni ts (EU per ml). 
Cell Preparation Spleen and loca l draining LN cells (responder ce ll s, 
RC) w ere prepared f.·om OVA-primed mice or control an imals under ste rile 
conditions 15 d after the first injection . T he tissue w as dispersed through 
stainless steel mesh, and lymph node single cell suspensions were washed 
twice with tissue cul ture medium (see cell cul ture). Splenic ce lls were 
purified by mouse Lympho lyte (CedarLane, H ornb y, O ntario, Canada) 
density centrifugation to obtain m ono nuclear cell s and washed two times 
w ith tissue culture 111Cdiu111 . 
Epidermal cells (EC) were prepared from ears of non- primed mice by 
trypsination with 0.5% trypsin (United States Biochemica ls. Bad H omburg. 
Germany) diluted in phosphate-buffered saline (PBS) for 40 min at 37°C. 
The e pidern1is then was removed from the dermis. incubated in PBS with 
3000 U of DNase (Sigma. St. Lo ui s. M O) for '10 min. mechanically 
disintegrated w ith a 50 ml syringe, and fi lte red through sterile ga uze. 
Thereafter, ep idermal cell s were washed tw ice and resuspended in tissue 
culture medium. For some cxperiments major histocompatability complex 
(MHC) class II + Langerhans ce ll s wc re rcm oved from the EC suspension 
with t he anti-mousc I-A / I-E monoclonal antibody M5 / 11 4. 15.2 rrat IgG2 h , 
American Type C ulture Collection (ATCC) , Kockville, MOl and sheep 
anti-rat IgG magnetic beads M-450 (Dyna l, Hamburg, Germany) . N o MHC 
class II + cells could be detected by Aow cytometry after three cycles of 
magnetic ce ll separa tion . 
The mouse keratinocyte line PAM 212 (kindly provided by Dr. Stuart 
Yuspa, N1H, Bethesda. MD) was cultiva ted in tissue culturc medium in 
75_c m 2 tissue culture Aasks (5 X 105 cells per ml) . 
For preparation of dermal fibrob lasts. after incubatio n with 0.5% trypsin 
for 40 min at 37°C, the dermis (see above) was incubated in PBS containing 
0.2% co llagenase (Boehringer Mannheim, Mannheim , Gc rmany) fo r 15 min 
at 37°C. and dispersed through stainless steel mes h. After addition o f 3000 
U of D N ase (Sigma) for 10 min . the resul ting dermal cells were washed 
twice and cul tivated in 75-cm2 tissuc cul ture Aasks (1 X 10" cell s per ml) . 
Tissue culture medium was changed every other day afte r removal of 
non- adherent ce lls. O n day 8 the re maining adherent fibrob lasts we re 
harvested with 0.05% trypsin. 0.02% EDT A fo r 3 min at 37°C, stopped with 
10% fe tal bovine scrum. was hed twice , and resuspended in tiss ue culture 
medium . 
Bone marrow dendri tic ce lls (DC) we re prepared according to a modi-
fica tio n of a protocol described previously (Inaba cl ti l, 1992) . I3rieAy, 
fem urs and tibias of BA LI3/c mice of 7 wk of age were removed, and the 
marrow was Aushed out with a syringe. T he tiss ue was suspended in KPM I 
and passed through nylon mesh. and red cell s we re lysed with 0. 15 M 
NH . C I. After w ashing. lymphocytes, granulocytes. and I-A + cell s were 
depleted with monoclonal antibodies (mAbs) and low-tox-M rabbit com-
plement (CedarLane). T he mAbs were anti-mouse I- A/ I-E M5/11 4.15.2 
(rat IgG2b• ATCC), anti-mouse C D4 GKl .5 (rat IgG2 h • ATCC) , anti- mo use 
CDSa 53- 6.72 (rat IgG2 ,,, ATCC), anti-mouse granulocyte KB6 (hamster 
IgG), and anti-mouse B220 RA3-3Al 16. 1 (rat IgM , ATCC). Cells (1 X 10" 
per mJ) were placed in 24-well plates in 1. 5 ml of tissue cul ture medium 
supple mented w ith 5 ng per ml granulocyte-macrophage co lony stimubting 
facto r (R &D Systems, Abin gdon, U.K.). T he cul tures werc fed every 2 d by 
aspirating 1 ml of medium and adding bac k fresh medium w ith granulocyte-
macrophage colony stimulating facto r. O n day 7 thc aggregates of attached 
cells were dislodged of the adherent macrophages, centrifuged . and subcul-
tured at 1 X 106 per ml in fresh medium w ith granulocyte-macrophage 
colony stimulating facto r in a tissue cul turc petri d ish. After overnight 
culture. clusters of dcndriti c cell s were rel eased . 
IgE AND SK IN 583 
Flow Cytometry Surface phenotyping of EC. DC. and R C waS per-
fo rmed by sta ining 10" cells with marker-specifi c mAb fo r 30 min on icc. 
Antibod ies used were anti-mouse CD3e 145- 2.C ll (hamster IgG, ATCC) , 
anti-mo use CD4 GK 1.5 (rat IgG 2h , ATCC), anti-mo use CD811' 53- 6.72 (rat 
IgG2 " . ATCC) . anti-mouse granulocyte 1U36 (hamster IgG) ; anti-mouse 
dendritic ce ll subpopulation 33 01 (rat IgG2 h • ATCC), 4F7 (rat IgG,; 
Mohamadzadeh cl ai, 1993), and N418 (hamster IgG. ATCC); NLDC145 
(rat IgG 2a • Dianova. Hanlburg, Gcrrn any): anci-rno usc 111acrophagc and 
dendriti c ce ll F4 /80 (ra t IgG 2h , ATCC); anti-mo use B7-1 (rat IgG2" . 
Ph'lrMingcn. San Diego, CA). anti-mouse B7-2 (rat IgG2 " . PharMingen). 
an ti-mo nse I-A/ I-E M5 / 11 4. 15.2 (rat IgG 2h • ATCC). and Auorescein 
isothioc)'anate-conjugated Ly-5 B220 (rat anti-mouse IgG2", Caltag Labo-
ratories, South San Francisco. CA ). After was hing in PBS supplemented 
with 2% heat-inactivated fetal bovine serum (Gibco BKL, Paisley, Scot-
land). the cell s werc sta ined with ph).coerythrin-conjugated anti-rat IgG, 
phycoe rythrin-co njugnted anti-hamster IgG (both from Southern Biotech-
nology, Birl11ing hanl, U .K.) , or fluorescein iso thiocyanatc-conjugatcd goat 
anti-Syrian hamster IgG (H + L) Oackson ImmunoResea rch Laboratories , 
Ba ltimo re. MD) for 15 min on ice. Samples were analyzed on a FACScan 
(I3ecton Dickinson , Mountain View . CA) equipped w ith Lysis II software. 
Cell Cultu re C ultlll'e medium consisted of R.PM I 1640 (Gibco BrtL) 
w ith L-glu taminc (2 mM) supplem ented with strepto mycin (100 ILg per ml), 
pen icillin (100 U per ml) , 2-mercaptoethanol (5 mM), H epes buffer (20 
mM), Na-pyruva te (1 mM), Na-hydrogencarbonate (24 mM), and 5% 
heat-inacti va ted feta l bovin e serum (Gibco B lli). Incubator conditions 
were 37°C and 5% CO2 , 
For some experiments monoclona l an tibodies were added to the cell 
cultures: anti-mo use interce llular adhesion molecule- l YNI / 1.7 (rat IgG2 h , 
ATCC) , anti-mouse B7-1 and B7-2 (human CTLA4 -lg, kindly provided by 
Dr. P. Lane, Institute for Immunology, Basel. Switzerland), anti-mouse IL-4 
(11Bl1 . rat IgG,. ATCC), and anti-mouse IL-I0 OES5-2A5. rat IgG ,. 
PharMingen). Murine rIL-1 2 was kind l), provided by Dr. Maurice K. Gately 
(Hof!i113nn-La R oche, Nutley, NJ) . 
For ill lIilm cytokine and immunoglobulin production assay. 1 X 10" 
lymph node o r spleen ce lls were incubated in 24-wcll t issue-culture plates 
at a fi nal volume ofl ml per we ll in co-cul ture with none , 1 X 103 • 1 X 10', 
or 1 X 10' epidermal ce ll s. OVA was added at a fina l conccnttation of 50 
J..I..g per 1111 and pokeweed 111itogcI1 as positive control ~t a fin al concentration 
of 4 JLg per ml. For determina tion of cytokine production , 300 ILl of 
cell-free culture supernatant was harvested at day 4 of the culture period and 
stored at - 70°C un til analysis; at the same time 300 ILl of fresh medium was 
added back to the culture. After 10 addi tional days of culture, remaining 
supernatants were harvested and stored at -20°C for detern1ination of 
immunoglobulin production . 
For proliferati on assa),s , 2 X 10' LN or spleen cells were incubated in 
96- well, flat-bottom, tissue cul ture plates in 200 ILl per well in tripli cate fo r 
4 d. OVA was added at a fina l co ncentration of 50 ILg per m l and 
concanava lin A as positive contro l at a final concentration of 4 J.Lg per ln l. 
Determination of Proliferation One m icrocuri e of [' Hl thp11idine 
(le N. Irvine. CA; 5 mC i per ml) was added to the culture for 6 - 8 h. Cells 
we re harvested w ith a Skatron AS ce ll harvcster (Skarron, N orway), and 
r' H] th)'midine incorporation was measured with a liquid scintillation 
coun ter 1205 Betaplate (LKB Wallac, T urkl.1. Finland) after addition of 
scinti ll ation liquid (Roth . Ka rl sruhe, Germany) . 
Determination of Cytokine Contents in Tissue Culture Superna-
tants Mouse IL- 4, IL-l0, and interferon-,), (IFN-')') protein concentra-
tions were measured b), ELISA of the employed pairs of antibodies 
according to instructions of the manufacturer (PharMingen). T he li mit of 
detection was 0.5 pg pe r ml for IL-4. 10 U pe r ml for IL-IO. and 10 U per 
m l for I FN-')'. 
Determination of Immunoglobulin Conte nts ill Tissue Culture 
Supernatants T he concentration of tota l IgE and IgG was measured by 
ELI SA. Max isorp Nunc-Imm uno plates (N unc Gmb H. W iesbaden . Ger-
many) were coated with 45 ILg an ti-mo use IgE pel' ml (purified sheep 
IgE-lgG pol)'c1onal Ab; T he Binding Site. Birmingham. England) or 5 ILg 
anti-mouse IgG (H + L) per ml (puri fied rat po lyc1onal Ab , Jackson Iml11u-
noR esea rch) diluted in 0.-1 M NaHC03 • pH 9.6 ovc 1'11 ight at 4°C. T he next 
day the plates we re was hed twice with PBS and wells were blocked with 
0.2% (wt / vol) gclatin-Tris(hydroxymethyl)al11inomethane buffer (0. 1 M. 
pH 8.2) contain ing 0.05% Twecn-20 for 2 h at 37°C. Serial dilutiollS of 
supernatants and mouse IgG or IgE standard (PharMingen) were incubated 
overnight at 4°C . After plates were washed twice. they were incubated with 
alkaline phosphatase-conjugated rat anti-mo use IgE, IgG , . o r IgG2 " mAbs 
(PharMingcn) for 2 h at 37°C. After development with phosphatase 
substrate (S igma) , plates we re read in a microplate ELI SA reader mode l 450 
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Figure 1. Concentration-dependent preferential cnhancement of IgE production induced by epidermal cclls in the contcxt of OVA. 1 0~ 
sp lecn cells from mice primed with 100 ILg of OV A were prepared and incubated ill co-cul ture with none, 1 X 10', '1 X 10", or I X 10' EC or 1 X 10. 
or 1 X 10' dermal fibrobla sts (Fb). After 14 d of culture with or without OVA stimula tion (50 ILg per ml) supernatants were harvested and (n) IgE alld (b) 
[gG z" were measured by ELI SA as described in Mnterinls nIId Me/hods. T he data represcnt the means :!: SD fi'o l11 20 experiments. * indicates results that do 
not dilfcr from spontaneous [g productioll of spleen cells alolle, ;lI1d ** ind ica tes results that d ifFcr significantly (p < 0.05). 
(ll io-Rad Laborato ri es GmbH , Mcinchcn, Germany) at 405 nlll , alld 
amounts of immunoglobulin were calculated accord illg to the standard 
curves . T he limit of detection was 1.25 ng per m[ for [gG " 5 ng per ml for 
[gG z", and 300 pg per 1111 for [gE. 
Reverse Transcriptasc-Polymcrase Chain Rcaction (PCR) and 
Southcrn Blot Hybridization for IL-10 For tota l cellular ribonucleic 
ac id (I'lNA) extraction, S X 10" RC together with 5 X 105 EC, 5 X 10" EC 
alone, or 5 X 10" M HC class [[-depleted EC alone were ill cubated ill 
24-wcll ti ssue cul ture plates at a fina l vo lume ~f 1 ml per we ll. OVA was 
added at a fina l concentration of 50 ILg per ml. Afte r 1-24 h ce lls were 
harvested and tota l cellu[ar RNA was cxtmcted with RNAzol B (Paescl & 
Lorei, Frankfurt, Germany) according to the manu facturer' s instructions; 
100 ng of the extracted I~A was reverse transcribed and the complemen-
tary deoxyribonucleic acid was amplified by 25 cycles using the Perkin-
Elmer reverse transcriptase-PCR kit (Perkin-Elmer, UberIingen, Germany) 
in a GeneAmp pCR System 9600 mashinc (Pe rkin-Elmer). T he cycl in!; 
condi tions chosen were 1 min at 95°C (denaturation), 1.5 min at 57°C 
(annealing), and 2 min at 72°C (extension). T he IJI;mer sequences for [L-l 0 
were as follows: 3 ' CAT CT A TGC TTC TAT GCA GTT G and 5' CCC 
AGA AAT CAA GGA GCA ITT G. [n each experiment, am plifications 
were performed without addition of RNA ;lI1d primers as a ne!;ative control. 
PCR products were scparated for 1 h by agarose ge l electrophoresis (1.5'1.,) 
and blotted on a positively charged nylon membrane (Boehringer Mann-
heim, Mannheim, Germany) by a Southern transfer technique using 20 X 
saline-sodium citrate bulfer. After immobil ization of the DNA, a non-
isotopic Southern blot hybridization was performed with a specific internal 
digoxigenin (DI G)-Iabeled probe (int GCT GGA AGA CCA CTA CAA 
CCC) to confirm the origin of the PCR products using the D[G oligonu-
cleotide ta iling kit (Boehringer Mannheim). T he D[G-Iabeled nucleic acids 
were detected by enzyme-linked immunoassay using an anti-DIG a[kahne 
phosphatase conjugate, a luminescencc substrate (D [G luminescent detec-
tion kit, Boehringer Munnhcinl). ,lI1d subsequent exposu re to x-ray fzll11 
(Amersham, Buckinghamshire, U.K.) . 
Statistics T he Studcnt's t test was cmployed to test statisti ca l sign ificance 
of resul ts (1' < 0.05). 
RESULTS 
Priming with High Doses of OVA Leads to Sensitization to 
OVA with Very Limited Allergen-Specific IgE Production 
III Villo Without priming of animals with allergen ill "illO, no 
all ergen-specific immun e responses we re o bserved ill lIi/ra (data not 
shown). As it was the ajm of thi s stud y to analyze the e ffects of 
epith eli al cells on the indu ction /ac tivation ofTH 2 cell s leading to 
IgE productio n , spontan eous alle rgen-specific IgE production 
sho uld be limited in allergen-primed anima ls and respo nder cells 
obtained from them . T he refore, we chose a priming protocol using 
high doses of OVA, i.e., in traperito nea l injections of 100 JLg. Tlus 
le d to sensitizatio n of primed mice to OV A as assessed by increased 
allergen-induced proliferative responses [235 1 ::':: 258 cpm IIcrSlIs 
8498 ::':: 1541 cpm (mean ::':: SD) in naive ,1(.,..< 115 OV A-primed mice) 
and OVA-specifIc IgG p rod uc tion [6 1 ::':: 26 ELISA units (EU) per 
ml IIcrSIlS 11 40 ::':: 396 EU per ml] detected in the sera of primed 
mice b y ELISA, whereas O VA-specific IgE levels rem ained low 
(53 ::':: 24 EU per ml lIem ,s 410 ::':: 11 2 EU pe r ml in nai ve "crSlIs 
OVA-primed mice) compared to animals primed with 1 0 JLg o t' 
O VA (105 2 ::':: 3 16 EU per ml) . 
EC Preferentially Enhance Allergen-Driven IgE Production 
ofRC from Primed Animals III Vitl'O in the Context of O VA 
RC fi'om OVA-primed mice spon taneously produced substantial 
amounts of IgG2" ill "ilm whereas allergen-driven IgE production 
was ve ry limite d (Fig la, b). T his w as in accordan ce with the titers 
of all ergen-specifi c IgG and IgE m easure d in the se ra of donor mice 
as described above . 
Additio n of unseparated epidermal ce ll s (keratinocytes in cluding 
2-5'1., I-A + Langerhans cell s and 1-2% y/8 d e ndritic epidermal T 
cell s) resul ted in a con cen tra t io n-dependent 10-fo ld enhancement 
of allergen-driven IgE p rodu ction of RC [conta ining 30 - 40% T 
cell s (20-25% CD4 -'-, 10-'1 5'X, CD8 ·'-) and 50-60% B cells] , but 
had littl e efFect o n IgG 2 " pro ductio n (Fig la,b) . Addition of the 
sam e number of dermal fibroblasts to R C cultures did not enhance 
IgE o r IgG 2 " production (Fig ta,I/). Kinetic studi es revealed that 
enhanced IgE productio n induced b y EC was detectable after day 
10 (da ta not shown) . 
MHC Class 11+ Langerhans Cells Play a Key Role for the 
Enhancement oflgE Production by EC, but Dendritic Cells 
Without Exposure to Keratinocytes Do Not Have the Same 
Bias to Support Only an IgE Response III o rder to analyze 
w hich cells am o ng unsepa rated EC are impo r tant for the enhanced 
19E production b y EC, we depleted subpopu lations o f EC prior to 
co-cul ture with RC. Depletion of I-A + d e ndritic La ll gerhans cell 
by magnetic beads le d to a redu ction of 70% in EC induced 
all ergen-driven IgE production compared to un separated EC, bm 
IgE pro ductio n was sti ll sign ifi ca ntl y high er than w itho u t EC (Fig 
2). Deple tion of I-A + cells from the R C did not sig nificantly impact 
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01 million spleen celis alone or in co-culture with: 
• unseparated EC (100,000) 
m I-A- EC (100,000) 
13 PAM celis (1,000) 
I'l!!I spleen cells and EC separated by a transwell membrane 
medium OVA 
, Figure 2. hnportance of certain cell types and direct co-culture for 
induction of IgE production by EC. In a second set of experiments 
MHC class II -I- Langerhans cells were depleted Ii'om EC with magnetic 
beads prior to co-culture. In a third set of experiments Ee were replaced by 
1 X 103 cells of the mouse keratinocyte line PAM 212. In a fourth set of 
e":periments Ee and spleen cel ls were separated by a transwell membrane by 
placing 1 X 10" splcen cells in the lower chamber and 1 X 105 Ee in the 
upper chamber. Supernatants Ii'om these dilIerent approaches wcre har-
vested at day 14 and analyzed for IgE production with or without allergen 
stimulation. Shown arc the Ineans :!: SD f1'or11 five cxpcrirn ents. ** indicates 
results that differ significantly (p < 0.05) Ii'om spontaneous IgE production 
of spleen cells alone. 
19E production ofRC when EC preparations conta ining I-A -I- ce lls 
were used (data not shown). When EC were replaced by the PAM 
212 mouse keratinocyte line, enhancement of IgE production was 
i also much less than with unseparated EC, but still significantly 
higher than without EC or PAM cells (Fig 2). 
In order to investigate whether predominant induction of IgE 
responses is primari ly an intrinsic property of dendritic cells, at least 
in the context of a protein allergen such as OVA, or whether 
keratinocytes contribute to tlus phenomenon, we used bone mar-
row dendritic cells (DC) instead ofEC in the sam e experiment. As 
determined by Row cytometry, DC preparations were 95% pure 
and free ofB-cells (B220), T-cells (CD3), granulocytes (RB6), and 
expressed markers specific for DC (subpopulation) such as 33D1-, 
4F7-, NLDC145-, N418-antigen, B7-1 and 2, and Ml-;IC class II. 
When these DC were used instead of EC, production of both IgE 
and IgG2a was induced in the presence of OVA (Fig 3) . 
Cellular Contact Is Important for the Enhancement of IgE 
Production Induced by EC (Including Migrating Langer-
bans Cells) To determine whether direct cellular contact be-
tween RC and EC is necessary for the en hancement of IgE 
production, we separated EC and RC by a transwellmembrane that 
prevented cellular contact but allowed diffusion of soluble media-
tors. T he enhancement of IgE production induced by epidermal 
cells was reduced to about 50% under these conditions (RC were 
placed in the lower chamber and EC in the upper ch amber) but was 
still significant compared to IgE production without EC (Fig 2). 
To analyze further which contact signals might be involved iri 
the e nhancement of IgE production by EC, we returned to our 
direct co-culture system and added antibodies aga inst the adhesion 
molecule intercellular adhesion molecule-lor the fusion protein 
CTLA4-Ig, wluch binds to the co-stimulatory mol ecules B7-1 and 
B7-2, to' tile cu ltures at the beginning of the experiment. The fusion 
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Figure 3. Induction of both IgE and IgG2a production by DC from 
the bone marrow_Spleen cells (10") from mice primed with 1 00 p,g of 
OVA were prepared and incubated in co-culture with none, 75, 150, or 300 
bone marrow-derived dendritic cells generated as described in Materials alld 
Methods. After 14 d of culture with or without OVA stimu lation (50 p,g per 
ml) , supernatants were harvested and (a) IgE and (b) IgG 2 , wcre mcasured 
by ELISA as described in Materials alld Methods. T he data represent onc of 
three experiments. 
protein agai.nst co-stimulatory molecules inhibited EC-induced IgE 
production only up to' 40% and only at high concentrations (> 10 
f.Lg per ml, data not shown) . Antibodies against intercellular 
adhesion molecule-I, however, inhibited IgE production almost 
completely already at con centrations of 10 f.Lg per ml (data not 
shown). T he addition ofisotype control antibodies did not affect the 
enhanced IgE production. 
IL-4 Production Is Induced by EC and Plays a Critical RO'le 
fO'r the InductiO'n O'flgE ProductiO'n Because IL-4 is the most 
important induce!' and enhancer of IgE production (Vercelli and 
Geha, 1989; Vercelli el 01, 1989), we investigated the induction of 
IL-4 in our culture system. Maximal IL-4 production was observed 
after 4 d of culture, w hen a concentration-dependent induction of 
IL-4 production was observed after additio n of EC in response to 
allergen in primed mice (Fig 4a). No induction oflL- 4 production 
by EC was observed in control animals (data not shown), and 
omission of OVA ill "itm also resulted in lack of IL-4 induction by 
added EC (Fig 4a). EC alone did not produce IL-4. In paralJel with 
IL-4, we also measured IFN-y in the culture supernatants under 
different experimental conditio ns but cou ld onl y detect this cyto-
kine in response to the positive control pokeweed mitogen (data 
not shown). 
In order to investigate w hether IL-4 is critical for EC-induced 
enhanced IgE production, we performed blocking experiments 
with an anti-IL-4 antibody. T h e addition of anti-IL-4 mAb resu lted 
in a concentration-dependent inhibition of IgE production mea-
sured by ELISA in supernatants of 14 d cul tures (Fig 4/,) , wbereas 
addition of the sa me amount of isotype centrol an tibody had no 
effect. IgG2a production was increased in the presen ce of a.nti-IL-4 
antibodies (data not shown) . 
IL-I0 InRNA Is Produced by EC and IL-I0 PrO'tein CO'ntrib-
utes to' Preferential IL-4 and IgE InductiO'n by EC As 
production of lL-1 0 by murine keratinocytes has been described 
previously (Enk and Katz, 1992a) , we addressed the question 
whetller this cytokine may be involved in the preferential induction 
of IL-4 and IgE by EC. Addition of blocking anti-IL-l0 antibodies 
to o ur co-culture system with EC and RC resulted in decreased IgE 
production (Fig 411) and increased IgG 2 a production measured after 
14 d of culture (Fig 511). It also resulted in decreased IL-4 
production (Fig 4a) and in creased IFN- y production measured on 
day 4 of cell culture (Fig 5a) . Addition of isotype control antibodies 
did not afFect immunoglobulin or cytokine production (Fig 4/1). 
Although IL-10 cou ld not be detected by ELISA (data not 
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F igure 4 . bnportance of different soluble factors for induction of 
IgE produ ction . (n) At day 4 of co-cul tu re of 1 X 10" spleen ce lls together 
with none, 1 X 10', 1 X 10", or 1 X 1 OS EC supernatants were harvested 
for determination of lL-4 production with or without OVA stimulation. In 
separate se ts of expcriments anti-I L-1 0 antibodies (10 fLg per ml) or murine 
rlL-12 (1 ng per ml) were added to O VA stimulated cul tures from the 
beginning. Error hnrs. SO. (b) IgE production was measured in 14 d 
supernata nts after addition of antibodies aga inst IL-4 or I L-1 0 or after 
add ition of murine rl L- 12 to OVA stimulated co-cul tures. T he resu lts 
represent the 111Ca n S o f three cX p CrilTICnts . * indicates res ul ts that d o not 
diffcr signifi cantly from baseline IL-4 production of OVA-primed spleen 
ce lls (p > 0.05), and ** indica tes resul ts th;lt differ signi ficantly (p < 0.05). 
shown), th e efi:ccts of the anti- IL-IO antibody indi cated that this 
cytokine was present in th e cul tures . To inc rease sensitivity and to 
demonstrate active production we employed reverse tran scriptase-
PCR to detect IL-l 0 mRNA in cellu lar extra cts of cultured EC an d 
RC. IL-IO mRNA was detectable afte r 1 h in co- cultures as w ell as 
in cul tures ofEC alone and even in MHC class II-depleted EC after 
stimul ati o n w ith O V A ill vil ro (Fig 6), ind icating that this cytokin e 
is produced by EC (keratinocytes) ea rly on under these experim en-
ta l cond itions. T he inc rease of 1L- 10 RNA express ion afte r stimu-
latio n w ith OVA w as not observed, however, in MI-lC class 
II-depleted EC cultures (Fig 6). 
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Figure 5. Addi t ion of anti-IL-I0 antibodies or IL- 12 protein en -
hances IFN-1' and IgG 2 " production. (n) At day 4 of the co-culture of 
1 X 10(' sp leen cells together with none, 1 X 10' , 1 X 10", or l X 105 EC 
supernat<l nts were harvested fo r determination ofIFN-1' production wi th or 
without O VA stimulation. In separate sets of experiments anti-IL-1 U 
antibodies (10 iJ.g per ml) or Illu rine r1L-1 2 (1 ng per ml) were added to the 
co-cul ture system. (h) IgG 2 " production was measured by ELI SA in 14-d 
supernatants aftcr add ition of antibodies against IL- l O or after add ition of 
murine r1L-12 to O VA stimulated co-cul tures. Shown arc the means :': SD 
from four experiments . • indicates resul ts tha t do not differ signiflcantly 
fi'om IFN-1' production of OVA-primed spleen cell s (p > 0.05). and ** 
indicates res ul ts that difFer significantly (p < 0.05) . 
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Figure 6. IL-1 0 mRNA production by spleen cells together wi~ 
EC, EC alone, and MHC class II-depleted EC alone . Tota l cellulat 
I~A was extrac ted 1 h after culture of 5 X 10" spleen ce lls together wirl1 
5 X I 05 EC, 5 X 10" EC alone, or 5 X 10" MI-I C class II- depleted EC wid\ 
or without O VA stimulation (50 fLg pcr ml). R everse transcrip tase-PCl\ 
and Southern blot hybridization were perform ed as described iJl Mnterinls 
nlld NIt-II/Ods. Shown arc the signals for /3-actin (560-bp template) and IL-t o 
(209-bp template) of the same RNA probes. Lnll/' 1, negative control (RNA 
without primer): Inll e 2. negative contro l (prim er without RNA): Inlle 3, 
spleen ce lls + EC without OV A stimulation; Inll e 4, spleen cells + EC With 
OVA stimulation; Inll " 5, EC alone without O VA stil11uln tion; Inll e 6, EC 
alone with OVA stimulation ; Inlle 7, MH C class II-depleted EC without 
OVA stim ulation; Inll /' 8, MH C class II- dep leted EC with O VA stimulation. 
Addition of Exogenous IL-12 Inhibits IL-4 and IgE Produc~ 
tion and Enhances IFN- y and IgGz" Production In o rde r to 
inves ti gate the efFect of IL-12, which is kn o wn to favor the 
deve lopment of Tl-l l-responses (Brunda, 1994; Modlin, 1994; 
Morris ct ai, 1.994), in ou r co- cul ture system, we added exogenous 
recombinant murin e IL-12 at the beg inni ng of the culture pe riod. 
Addition of recombinant murin e IL-1 2 resulted in diminished IL-4 
pro du ction (Fig 4a) and enhanced IFN-')' production (Fig Sa) at 
day 4 of culture. Acco rding ly, additio n of lL-1 2 a lso led to a 
concentratio n-de pende nt inhibi tion of IgE production (Fig 4/J) and 
in creased IgG 2 a (Fig 5") m easured by ELISA in supernatants of14 d 
cultures. 
DISC USSION 
O ur data indicate that ECs strong ly enhance T H 2 -dependent aller-
gen-driven IgE produ c tion in the con text of a protein a lle rgen, 
OVA. In conjunction with tissue-specific h om ing ofT cells (Picker 
et nt, 1993; Picke r, 1994), prefe rential in duction ofTl-/2-type cells ill 
epithe lial tissues d urin g initial e ncoun ter of an tigen (often aero-
alle rgen s) ma y result in long- lasting, repeated return of such T H ! 
ce ll s to particu lar epithe lia l sites susta ining "a Ll ergic infl ammation," 
suggestin g th at thi s m echani sm may be of importance in the 
understanding of atopic diseases . 
EC stron g ly indu ced IgE productio n o nly w hen the specific 
allergen OVA was a lso present ill I)ilro, indi cating that 19E produc-
tion is at least alle rgen- dl'iven if not OVA-specific . M easurement of 
OV A-specifIC IgE production w as not poss ibl e ill I)it ro , as the 
alle rgen had to be present ill Ilifro to in duce and sustain Ig£ 
production al so occupying the OVA-specific binding sites of IgE 
produced , preventing m easurem ent of OVA-specific IgE levels. In 
contrast to EC, dermal cells were unable to indu ce IgE with or 
without OVA in the cul ture, indicating that the enhan cement of 
IgE pro duction w as a spec ifi c capacity o f the epi thelium and not the 
underlyin g tissue . EC alone produced no 19, excluding passl\'e 
con taminatio n of EC w ith Ig ca rried ove r into the co- cul tures . 
Especially striking was the ab ili ty of EC to induce IgE but nor 
IgG 2 ". IgG 2 a production by R C was not maximal to begin with and 
could be furth e r en hanced, beca use addition of an tibodies against 
lL-10, exogen o us murine r1 L-1 2, o r bon e m arrow-derived den-
dri tic cells increased IgG 2 a produ ction stron g ly, and also induced 
IFN- ,)" which was pre viously undetectable. [n addition to IgE, th~ 
T H 2- cytokine IL- 4 was detected by ELISA in the cell culture. 
Taken together, the data indi cate that T H2-type cells are induced or 
activated to produce IL-4 and induce o r in crease IgE production in 
an alle rgen-specifi c w ay, w hereas T'~II -type cells were not induced 
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or activa ted after the addition of EC in the context of the protein 
alle rgen OVA . 
T he analys is of the cell types am ong EC impo rtan t fo r the 
enhancem ent of 19E production revea led that MH C class 11 + 
Langerhans cell s p laya key ro le, as deple tion of MHC class II + ce ll s 
fro m EC prior to co-cul ture w ith R C led to a signifi cant decrease 
in a llergen-dri ven IgE but did not abrogate it. Langerhans cells are 
highly potent antigen-presen ting cells and have been shown earli er 
co be able to indu ce T,, ~-type responses (Bruijnzecl Koo m en el ai, 
1986; Bieber cl ai, 1989; Hauser cl ai, 1989; Mudde eI ai, 1992) . It 
cannot be excl uded , howevcr , that the devclopment of a T "II o r 
T 1-1 2 immunc rcsponsc is influ enced b y con tam in ating keratino-
cytes, beca use it is difti cult to preparc Langerhans cell s comple tely 
free of keratinocytes . Enrichmc n t of EC for Langerhans cells d id 
not lead to a fu rther in c"case in EC-induced IgE pro duction in o ur 
co- c ulture system (data not shown). In order to address the 
question w hethcr DC fi'ee of ke ra tinocytes and never ex posed to an 
epithelial micro milieu pre feren tially indu ce T "I2- type ce lls afte r 
stimu latio n w ith OVA, we used bo ne marrow dendritic cells 
c ultu red togethe r w ith R.C. T his res ulted in indu ction of both IgE 
an d IgG2" as we ll as oflL-4 and IFN-')' (data not shown), although , 
in the context of O VA, indu ction of IgE was stronger than 
indu ction oflgG2a compared to culturcs w itho ut DC. T his supports 
the notion that DC such as Lan gerhans cells arc poten t indu cers of 
both T ,., , and T "' 2 immune responses and that the surround ing 
milieu, w hi ch is d ominated by kcratinocytes, strongly influences 
T 1-12 or TI-I ' deve lopment. Th is is furth er supported by thc f.1Ct that 
MHC class !I-depl eted EC and the keratin ocyte cell linc PAM 212 
still signifi cantly enhance a ll e rgen-dri ven IgE productio n by R C 
w h e n stimulated w ith OVA. Whether the ind uction of a TH ,- o r 
T 1-12-type immune rcsponse in thc abse nce of epith elial ce lls 
depends on the physico- chcmical pro perties of the a ll ergen (hapten 
versus protein) is currentl y unde r investigation . O ur data indi cate 
tha t epithe lial cells stro ngly support the po larization of an immune 
response to thc protcin allergcn OVA in filVor of a T "'2 ph enotype . 
F urther experiments pe rformcd w ith cul tures sepanlted by a 
me mbrane indicated tha t contac t signals (most li ke ly d eli vered by 
migrating La ngerbans cc ll s) arc importan t for the enh anced 19E 
prod uction indu ced by EC, but solubl e fil c to rs alone sti ll cxert a 
significant e fFect. Blocking of B7-1 and -2 as co-stimulators had 
only a Jjmi ted c fFcct, indica ting that this pathway is not critica ll y 
involved in the cnhan ccmen t of IgE pro du ction of primed re-
sponder cells. Anti-in tc rcc llular adhes io n molecul e 1 antibodies 
proba bly also inhibited th e intcraction of ce lls among EC and 
among RC li ke T / B cc ll coo peration for Ig synth esis (Vercelli and 
Geh a, 1989; Verce lli ('I ai, 1989). 
T he ana lys is of so luble m cdiators revea led tha t the EC-indu ced 
IgE prod uction of R C also in volved IL-4 as discussed above. 
Blocking of lL-4 activity w ith an antibody demonstrated the 
dependence ofEC-induced IgE produ ction on this m ediato r , as has 
been shown in other ex pe rimental settings (Finke lman c ( ai, 1991) . 
This also e xcludcd the possibili ty that EC gene ratcd an IgE-
en hancing activity that could substitute for IL-4. Another m ediator 
that was critica l fo r the preferential indu ction of IgE production by 
EC was IL-IO, as ne utraliza tion of this cytokine by an tibo dies led to 
a shift away from allergen-driven IgE producti on toward IgG2". In 
parallel, 1L-4 was decreased and IFN-')' increased. T his indica tcd 
that the presence of IL-10 prevcnted the inductio n of I FN-')' 
prod uction by T ", cell s cssential fo r IgG 2 " (Finke lman eI ai, 1990) 
but a lso indicated that the poten tia l for T "II deve lopment was 
present amo ng R.C. Unlikc IL-4 , IL-1 0 ml~A was produccd by 
EC alone as ea rl y as '1 h afte r ini tiatio n of culture and was strongly 
upregulated aftc r stim ul ation with OVA . T he fa ct that [L-1 0 
mRNA was prod uced by MH C class II-depleted EC indicated that 
kerarinocytes were the source of this cytokin c as described earlie·,. 
(Enk and Katz, 1992a), but the la ck of in creased IL-1 0 I~A 
express ion in MH C cla ss II- dep leted EC indicates that a yet-
unjdentifi ed in teractio n of Langcrhans cells and ke ratinocytes is 
invo) ved in regulation of IL-1 0 production in response to OVA. 
Our data suggest that IL-10 is induced ea rl y in ke ratin ocytes, 
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preventing a T ,." response and thus indirectly favorin g TI-I2 devel-
opm ent and IgE production leading to all ergies of the immedia te 
type in the context of OVA. T his concept is supported by 3n earlier 
repo rt that 1L-1 O-treated mul'ine Lange rhans cells supported pro-
li feration of a T I-I 2 ceU cl o ne , whercas the ), wcre unable to indu ce 
pro li fc ration in a T,." cell clone (Enk cl ai, 1.993). Additionally, 
expressio n of IL-10 was in creased in b iopsies liom the ski n of 
patients with atopic de mlatitis compared to other inflamm atory skin 
condi tions, potentially co n tribu ting to the upregul ation ofTI-I 2 and 
IgE responses as w ell as downregul ation of T,., , respo nses in this 
atopic disease (Ohmen ei ai, 1995) . 
Taken together. the data indicate that EC are able to augm en t 
immune responses m ostly by virtue of their potent antigen-present-
ing cells, the Langerhans cells, and favor the inductio n of T H2-
dependent IgE-responses to certain alle rgens (proteins that are 
typica ll y implicated in alle rgies of the immed iate type) due to 
po tent regulatory cytokines like IL-10 generated by keratinocytes, 
which comprise the majo rity of the epidermal cell s. Besides [L- 10, 
neuroendocrin e pep tides, which also may be deri ved fiom epithe-
lia l cell s, modulate human IgE synthesis ill v ilro (Aebischer cl al . 
1994). T he ability to generate such m ediators and preferentia l 
exposure of epithclial tissues to certain allergens m ay m ake them 
especially suitable for "a ll ergic inflammation" as discussed above. 
In conclusio n, it shall be empha sized that in the con text of other 
stimuli like conta ct allergens (reactivc chemica ls or chemi cal 
elcments) o r bacte ria (and the ir pro du cts) strong ce llul ar T"II -
mediated immune responses ca n be in itiated thro ugh and in the skin 
also in volving signals from keratinocytes and ep iderma l Langerhans 
cells, as has bcen o utlin ed in other studies (Enk and Katz, 1992 b). 
It remains to be e lu cidated how compounds with difFercnt physico-
chem ical properties can induce difFerent earl y signals in thc epithe-
lial tissues that arc exposed to them before other immuno logic 
compartmen ts that influence the outcom c of the immune response 
ca rlyon. 
T his ,,,ork lIIas slll'por(ed by Oell(sch" F() rsrlll",gs.~cll , eillsrllnJi (OFG) G rmll 
Kll-1 20. 
REFERENCES 
Achischcr I. St:impAi M it. Zlirchc r A . Micschc r S. Urwy lc r A. Frey B. Luger T. \V hilc 
R.Jt.. Swdlcr OM : Nc uropcpridcl" arc potent mooulators of hUlI1 an ill "jIm 
imJllunoglobu lin E synthesis. 12,,1') 1111 111111101 2-4 :1908- 19 13. 199-1 
13c llncr R . S'lvcl ko ul I-IF: Reg l1lation o f IgE productio n in mi ce. E",. Rt'sl'il' J SIIPP' 
1.' :97s- 104s . 199 1 
l3i"ber T . Da nnenberg 13. Prin z J C. I"ieb"r EP. Sto lz W. I3ra uu -Falco O. Ring .J : 
OcclIl"fcncc of IgE-hc:uin g e piderm:" Langcrhans cell s in atopi c eczema: ;l study 
of I"he rime course of the les io ns ;lIl d w ith regard to the IgE se rul11 leve l. J /"1'('.(1 
Dm""",1 93:2 15-2 19. 1989 
BruijnlccI )( OOTllCIl C A. van \ Xl ichcn DF. TOOIlSIT:l J. Ben'cll s L. DnJUn zccl PL: T he 
I1I"CSC Il CC of IgE mo lecules 0 11 cpidcnnal La nge r-hans cells ill pn ric llts w i t h aropic 
dcrmati tis. Ard, DC,.,IImol l{~·s 278: 199-205. 1986 
Brllnda MJ : Interlcukin-12.) Ll'IIkoc)'lc BioI 55:280-288. 1994 
Del Prete G: l-hl1nan T il 1 and TIl 2 lymph ocytes: their ro le in the palho phY!i io logy of 
a/'O py. A lfc,:~)' 47:·150-455. 1992 
Del Prcte Gr. De Ca rli M. ll .i eci M. ROl11ag n<l ni S: Helper activ ity fo r imlllullogiohulin 
!iyntitcs is ofT hc lper type l (Til 1) :lIld T h2 hum an T cel l dOllcs: the he lp ofTh 1 
clo nes is limited hy their cyto lytic capacity. ) Exl' Med 174: 809 - 8 13. 199 1 
Enk AH. Angeloni VL. U dcy MC. Katz SI: Inhihitio n of Lnng:erhans ce ll anrigcll -
prescnti ng functi o n by 1 L-l O. A ro le for I L-I 0 in indu ction o f fo lcrancc. 
) '''''''''''0' 151 :2390-2398. 1993 
Enk AI-I. Katz 51: Identi ficatio n :1I1d inductio n ufkcr:ltinocyte-dcrived IL-I 0.) 11111111,, 1111 
149:92-95. 1992a 
Enk AH . Katz SI: Earl y mo lccular cvcnts in the inductio n phase of COll rac t scnsitiv ity. 
Pror Nilll Awd Sri USA 89: 1398- 1402. 1992b 
Finkelman FD. Ho lm es J. Karo ll :l 1M . UrbanJF Jr. i3cck 111:1 11 II MP. Park LS . Schooley 
KA. C offman R..L. Mos11l:1Il 1i TR. Paul WE: LY11lphokinc control of i" ";" (1 
imll1unoglobulin isotypc selection. A'III" I~{,,' 1111""",01 8:303- .133 . 1990 
Finke lm an FD . Urb:lII J f Jr. i3ecklll :lnll M P. Schooley KA. Ho lmes .1M . Kato na 1M : 
rteg ulario n of murine ill pi,,,, IgG nnd IgE respo nses by :I II lOnoclon:l 1 :Il1 ti- IL--t 
recepto r :l ll tibooy. I", 111""""11/3:599-607. 199 1 
J-lauscr C. Snappe r eM. O ll:lra J. P:lu) W E. K:ltz SI: T Hel per cells growli w ith 
hapten- modified cultured Langerh:l ll s' ce lls produce in tcrl cukin ... and stimu late 
IgE prod uction by 13 ce lls. E" .. ) 1"""",,,,1 19:245-25 1. 1989 
IIwba K. I n ah il N . R o mani N. Aya H. Dcgtl chi M . Ikc har:l S. Milt"Sllll1l1 r:l S. Stcinman 
588 13ELLING H AUSEN ET AL 
flM: Gcncr~tion of large numbers of dendri tic cells from m Ollse bone marrow 
cul tures supple mented with granulozytc/macrophagc colo n y-s timulatin g fil Ctor. 
) Ex!, M"" 176: 1693- 1702. 1992 
Kripkc ML, Munn CG, J ccviln A. Ta ng JM . Bucan:l C: Eviden ce that cut.meo us 
antigen-presen ting cell s migrate to regiona l lymph nodes durin g COil tact scnsiti-
z Htio ll . J 111111/11110/ 145:2833-2838. 191)U 
McMenam in C. Ho lt PC: T he l1:ltural immulle response (0 inh aled soluble prote in 
antigens in vo lves majo r Ilistocomp:ltibili ty complex (M H C) class I-restricted 
C08+ T ce ll- m edi ated but MH C class II - res tric ted C D4 + T ccll-dependent 
immune deviation resul tin g in selective suppressio n of immunoglo bulin E 
productio ll .) Ex!' M ed '178:889 - 899. 1993 
McM cnamin C. Schon Hcgr:ld M. O Li ver J . Girl! B , Ho lt PG : Reg ulation of JgE 
respo nses to il1lwlcd ;mtigens: cell ular mechanisms underl yin g alle rg ic sensiti za-
tion JlCI'S II S to lerance induction . ],It A rc" rl ll /'I;f! )' rl l'pIIIllJIIlfllo/94:78-82. 1991 
Modlin IU: Th l-Th2 parad igm : insights fro l1ll eprosy. J },IIICS I Derl/f(lwl 102:828-832. 
1994 
M ohallladzadeh M. Lipkow T. Kolde G. KllOP j : Expression o r an cpitope as de tecred 
by the novel l11 onod o n:II an tibody 4F7 0 11 dermal and epid erm.,1 dendritic cells. 
I. Identi fica tio n and ch:u actcrization o f rhe 4F7+ dendriti c cell ill sitll. J fi llies' 
D el'llw/ll /l 01 :832-838. 1993 
Morris SC. Madden 1<.13. Adamovicz jj. Gause W C. Hubbard 13 R.. Gately MK . 
Fi nkelman FO: E(fccts o rIL- 12 0 11 ill 1/ ; 110 cytokinc gene exp ression and Ig isotypc 
selection.) 1111 111111/01 I 52 :'I047-1 056 , 1994 
Muddc Ge. van I~cij sen FC. 13ruijnzeel Koomcn CA: IgE-positi vc L:1ngerhans cells 
:1ud TIl2 allcl'gen-speci fi c T cell s in atopic derm;1 titis. ) IlIlIcsl DCnllfll () / 99:1035, 
1992 
Muller KM. Jaunin F. Ma souye I. 5a urar JH . I·buser C : T H 2 cells medi ate IL-4 -
dependent local tissue inflammation . ) 111111111110/ ·150 :5576-5584. 1993 
THE j OU R.NA L O F INVESTIG AT IV E DER.MATO LOGY 
O hmenj , Hanifinj , Ni ckolofi'13. Rca TH. W yzykowski R . Ki mj ,ju llie n D, M cH ugh 
T. Na ssir AS. C han SC. Modlin IU : Overexpress io n o f IL-I O in atopic 
dermatitis. ) 11/1I1/1I'W/ -154: 1956-1 ()63 . 1995 
Picker LJ : Contro l of Iymph ocyw h OIll.ing. G lln' O pill l"'I/lIIl/oJ 6:394 -406. 1994 
Pi cke r Lj. Tree r jll. Ferguson Darnell 13. Co llin s PA. 13ergstresser PR.. Tcrstappen 
LW: Contro l ofl ymphoc)'tc recirculatio n in man. II. D illcrential regulation of me 
cutaneous lymph ocyte- associated antigen . ;1 tissue-selecti ve homing receptor- for 
skin- homing T cell s. ) IIIIIJlIIII ,,1 150: I 122- 11 36. 1993 
RCllz H . Smith HR. H ell son JE. R ay 13S. Irvin CG, Ge lr.,nd EW: Aerosolized antigen 
exposure w itho ut adju vant G Hi SCS increased IgE production and in creased airw3V 
respo nsiveness in the m OLl se. ) A llc(~}' Clill 111111111/ 101 89: t '127-1'138, '1992 . 
R OHia gnani S: Human T I-U and TH 2 subscts: regul arioll of differentiation and ro le in 
pro[Cctiol1 Ol nd ilTlll111110 pati lOlogy. 1111 A rch AIIi'I:~}' 1,lllIll/flO} 98:279 - 285, 1992 
Sager N . Feldm anll A. SchiHin g G. Kreirsch P. Neumallll C : H Oll se du st mite- specific 
T cell s in the skin of s l1~j ects with atopic dc nnatiris: freq ue ncy and Iymphokine 
profile in the allergen patch test . ) A llc ,:~)' Cli" /"""""vl 89:80 1-810. 1992 
Saloga J. RCll z H . Larse n CL. Gelfand EW: In crc;lsed airways responsiveness in mice 
depends 0 11 loc:11 challenge wil"ll antigen. JI", J Rt'spir C ri, C(lre J\4ed 149:65- 70 . 
1994 
van dcr He ijdcn F L. Wierenga EA. 130s jD. I< apsenberg ML: High frequency of 
lL-4 -producing C D4 + al ll! rgcn-spccific T lyn lpl JOcytes in awpic dcnl1atitis 
Icsio nal skin.) IIlIIes l Derlll(lw/97:389-394. 199 1 
Ve rccll i D : R egul "tion of IgE synrhesis. A II(' ,:~)' J'mc 14:413-4 16, '1993 
Vcrcclli D. Ceila RS: R egulatio n of lgE synthesis ill human s. ) C /ill 1111111111101 9:75- 83, 
1989 
Vercelli D. jab"ra HH . Arai K, Goha ItS: Inductio ll or hUlllan IgE synthesis require 
in tc rlc ukin 4 :md T i ll cell inter;1ctio lls in volvillg the T cell recepror/ CD3 
complex and M I-IC class II anti gens. ) Ex" Me" 169: 1295-1307. 1989 
